Abstract: Plantation forestry is expanding rapidly in China to meet an increasing demand for wood and pulp products globally. Fungal pathogens including species of Calonectria represent a serious threat to the growth and sustainability of this industry. Surveys were conducted in the Guangdong, Guangxi and Hainan Provinces of South China, where Eucalyptus trees in plantations or cuttings in nurseries displayed symptoms of leaf blight. Isolations from symptomatic leaves and soils collected close to infected trees resulted in a large collection of Calonectria isolates. These isolates were identified using the Consolidated Species Concept, employing morphological characters and DNA sequence comparisons for the β-tubulin, calmodulin, histone H3 and translation elongation factor 1-alpha gene regions. Twenty-one Calonectria species were identified of which 18 represented novel taxa. Of these, 12 novel taxa belonged to Sphaero-Naviculate Group and the remaining six to the Prolate Group. Southeast Asia appears to represent a centre of biodiversity for the Sphaero-Naviculate Group and this fact could be one of the important constraints to Eucalyptus forestry in China. The remarkable diversity of Calonectria species in a relatively small area of China and associated with a single tree species is surprising.
INTRODUCTION
Eucalyptus plantation forestry has grown rapidly during the course of the past two decades in China. This is due to the country being the world's leading consumer of wood products (Turnbull 2007 ) and a growing global forest products market. In order to service this market, large-scale plantations of fastgrowing trees and especially Eucalyptus spp. have been established in South and Central China. The area spans 19 provinces (Chen et al. 2011a , b, c, d, Zhou & Wingfield 2011 ) and the aim is to establish 13.3 M ha by 2015 (Turnbull 2007) . As is true in other parts of the world, pests and diseases represent a significant challenge to reaching this goal (Zhou et al. 2008 .
A recent survey of commercial Eucalyptus plantations and nurseries in the Guangdong, Guangxi, Yunnan and Hainan Provinces resulted in the identification of several important Eucalyptus pathogens. These included leaf pathogens belonging to the genera Mycosphaerella (Burgess et al. 2007) , Quambalaria (Zhou et al. 2007) and Teratosphaeria (Burgess et al. 2006) . Stem pathogens found included species of Botryosphaeriaceae (Chen et al. 2011a) , Celoporthe (Chen et al. 2011b) , Ceratocystis (Chen et al. 2013) , Chrysoporthe (Chen et al. 2010) and Teratosphaeria (Chen et al. 2011c) . In eucalypt nurseries, only isolates belonging to the genus Calonectria (as Cylindrocladium) were found and these were shown ) to represent two novel taxa, C. cerciana and C. pseudoreteaudii, and the well-known Eucalyptus nursery pathogen, C. pauciramosa , Polizzi & Crous 1999 , Schoch et al. 1999 , Lombard et al. 2010a . A more recent survey of Eucalyptus leaves showing symptoms of Calonectria Leaf Blight (CLB) in the Fujian Province resulted in the identification of three novel taxa, C. crousiana, C. fujianensis and C. pseudocolhounii, and the first record of C. pauciramosa as plantation pathogen (Chen et al. 2011d) . Pathogenicity test showed that all four Calonectria species are aggressive pathogens of two important Eucalyptus hybrid clones extensively deployed in plantations (Chen et al. 2011d) .
The genus Calonectria accommodates well-known pathogens of various agricultural, horticultural and forestry crops, worldwide , Lechat et al. 2010 , Lombard et al. 2010a , b, c, 2011 . Diseases associated with these fungi include cutting and root rot, stem cankers as well as leaf and shoot blight , Lombard et al. 2010a , b, 2011 . In Asia, several Calonectria species have been reported on Eucalyptus trees grown in plantations with most species associated with CLB (Sharma et al. 1984 , Booth et al. 2000 , Kang et al. 2001a , Old et al. 2003 , Crous et al. 2004b , Chen et al. 2011d . Of these species, members of the C. reteaudii complex ) have most frequently been found on Eucalyptus trees, especially in
DNA sequence comparisons
Total genomic DNA was extracted from 7-d-old cultures established from single-conidial propagules, grown on MEA at room temperature, using the UltraClean™ Microbial DNA isolation kit (Mo Bio Laboratories, Inc., California, USA) following the protocols provided by the manufacturer. Partial gene sequences were determined for β-tubulin (tub2), calmodulin (cmdA), histone H3 (his3), and the translation elongation factor 1-alpha (tef1) regions using the primers and protocols described by Lombard et al. (2010b) . To ensure the integrity of the sequences, the amplicons were sequenced in both directions using the same primers used for amplification. Consensus sequences for each locus were assembled in MEGA v. 5.1 (Tamura et al. 2011 ) and compared with representative sequences from Lombard et al. (2010b) and Alfenas et al. (2015) . Subsequent alignments for each locus were generated in MAFFT v. 7.110 (Katoh & Standley 2013) and the ambiguously aligned regions of both ends were truncated.
Phylogenetic analyses were based on both Bayesian inference (BI) and Maximum Parsimony (MP). For BI, the best evolutionary model for each locus was determined using MrModeltest (Nylander 2004) and incorporated into the analyses. MrBayes v. 3.2.1 (Ronquist & Huelsenbeck 2003) was used to generate phylogenetic trees under optimal criteria for each locus. A Markov Chain Monte Carlo (MCMC) algorithm of four chains was initiated in parallel from a random tree topology with the heating parameter set at 0.3. The MCMC analysis lasted until the average standard deviation of split frequencies was below 0.01 with trees saved every 1 000 generations. The first 25 % of saved trees were discarded as the "burn-in" phase and posterior probabilities (PP) were determined from the remaining trees.
For MP, analyses were done using PAUP (Phylogenetic Analysis Using Parsimony, v. 4.0b10; Swofford 2003) with phylogenetic relationships estimated by heuristic searches with 1 000 random addition sequences. Tree-bisection-reconnection was used, with branch swapping option set on "best trees" only. All characters were weighted equally and alignment gaps treated as fifth state. Measures calculated for parsimony included tree length (TL), consistency index (CI), retention index (RI) and rescaled consistency index (RC). Bootstrap analyses (Hillis & Bull 1993) were based on 1 000 replications.
Phylogenetic analyses were conducted on two separate sequence datasets. Datasets were separated based on morphological characteristics into the Prolate Group and Sphaero-Naviculate Group as defined by Lombard et al. (2010b) , making it possible to reduce the number of ambiguously aligned regions for the loci analysed. The dataset representing the Prolate Group of species was rooted to C. hongkongensis (CBS 114711 & CBS 114828) and the dataset representing the Sphaero-Naviculate Group was rooted to C. pauciramosa (CMW 5683 & CMW 30823) .
Taxonomy
Axenic cultures were sub-cultured onto synthetic nutrient-poor agar (SNA; Nirenburg 1981 ) and incubated at room temperature for 7 d. Gross morphological characteristics of the asexual morphs were studied by mounting the structures in 85 % lactic acid and 30 measurements were made at ×1 000 magnification for all taxonomically informative characters.
Axenic cultures of Calonectria species of unknown identity and identified based on DNA sequence analyses were crossed among themselves in all possible combinations. Crosses were made on minimal salt agar (MN) with sterile toothpicks placed on the agar surface as described by Lombard et al. (2010b, d) . Isolates were crossed with themselves as controls, thus making it possible to distinguish between heterothallic and homothallic mating systems of the isolates. The plates were stacked in plastic containers and incubated at 20°C for 6-8 wk. Crosses were regarded as successful when isolate combinations produced ascomata extruding viable ascospores.
Morphological characteristics of the sexual morphs were studied by mounting ascomata in tissue freezing medium (Leica Biosystems, Nussloch, Germany) and cutting sections with a Leica CM1100 cryostate (Leica Biosystems, Nussloch, Germany). The 10 μm sections were mounted in 85 % lactic acid and 3 % KOH. The 95 % confidence levels were calculated for the conidia and ascospores with extremes provided in parentheses. For all other fungal structures measured, only the extremes are provided. Colony colour was assessed using 7-d-old cultures on MEA incubated at 25°C and the colour charts of Rayner (1970) . All descriptions, illustrations and nomenclatural data were deposited in MycoBank (Crous et al. 2004a) .
RESULTS

Isolates
A total of 278 isolates were collected of which 162 were from the Guangdong Province (44 isolates from soil; 45 isolates from Eucalyptus leaves on trees; 73 from cuttings in a single nursery), 87 isolates from Guangxi Province (63 from soil; 24 from Eucalyptus leaves in plantations), and 29 isolates from the Hainan Province (27 from soil; two from Eucalyptus leaves in plantations). One hundred and twenty of these isolates were selected for further study (Table 1) based on preliminary phylogenetic analysis of the cmdA and tub2 gene region sequences (results not shown).
DNA sequence comparisons
Approximately 500-550 bases were determined for the four gene regions used in this study. For the Bayesian analyses, a HKY+I+G model was selected for cmdA, tef1 and tub2 and the GTR+I+G model for his3. These models were incorporated for each of the datasets analysed. The Bayesian consensus trees for both datasets confirmed the tree topologies obtained from the MP analyses, and therefore, only the MP trees are presented with bootstrap support values (BS) and posterior probabilities (PP) shown for well-supported nodes. The dataset for the Prolate Group isolates included 127 ingroup taxa, with C. hongkongensis (CBS 114711 & CBS 114828) as the outgroup taxon. The sequence dataset consisted of 2 018 characters, including alignment gaps. Of these, 1 308 were constant, 73 were parsimony-uninformative and 637 parsimony-informative. The MP analysis yielded 1 000 trees (TL = 1 512; CI = 0.612; RC = 0.538; RI = 0.952) of which the first is presented (Fig. 1) The dataset representing the Sphaero-Naviculate Group of isolates included 85 ingroup taxa, with C. pauciramosa (CMW 5683 & CMW 30823) as the outgroup taxon. This dataset consisted of 2 016 characters, of which 1 369 were constant, 127 were parsimony-uninformative and 520 were parsimony-informative. The MP analysis yielded 100 trees (TL = 1 264; CI = 0.672; RC = 0.633; RI = 0.942) of which the first is presented (Fig. 2) . In this tree, 35 isolates clustered within the clade (BS = 97; PP = 1.00) representing C. hongkongensis (ex-type CBS 114828) with four isolates (CBS 136077, CBS 136093, CBS 136652 & CMW 35383) forming a sister clade (BS = 78; PP = 1.00) to the C. hongkongensis clade. A single isolate (CBS 136629) formed a basal sister lineage to both these clades. Four isolates (CBS 
Taxonomy
Morphological observation supported by phylogenetic inference showed that the majority of strains included in this study belonged to C. chinensis, C. hongkongensis and C. pentaseptata (Figs 1 and 2 ; Table 1 ). The remaining strains are shown to represent several distinct taxa that are provided names in Calonectria. Important morphological characters are summarised in Table 2 .
Calonectria aconidialis L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809043. Fig. 3 .
Etymology: Name refers to an absence of macroconidia in the fungus.
Ascomata perithecial, solitary or in groups of two, orange, becoming orange-brown with age; in section, apex and body orange, base red-brown, subglobose to ovoid, 297-366 μm high, 232-304 μm diam, body turning dark orange to red, and base dark red-brown in 3 % KOH+; ascomatal wall rough, consisting of two thick-walled layers; outer layer of textura globulosa, 37-75 μm thick, cells becoming more compressed towards the inner layer of textura angularis, 16-23 μm thick, cells becoming thin-walled and hyaline towards the centre; outermost cells 14-45 × 12-35 μm, cells of inner layer 10-25 × 3-7 μm; ascomatal base up to 150 μm wide, consisting of dark red, angular cells, merging with an erumpent stroma; cells of the outer wall layer continuous with the pseudoparenchymatous cells of the erumpent stroma. Asci 8-spored, clavate, 111-113 × 15-18 μm, tapering into a long thin stalk. Ascospores aggregated in the upper third of the ascus, hyaline, guttulate, fusoid with rounded ends, straight to slightly curved, 1-septate, sometimes constricted at the septum, (28-)32-40(-44) × 5-7 μm (av. 36 × 6 μm). Homothallic. Mega-, macro-and microconidia not observed.
Culture characteristics: Colonies moderately fast growing at 24°C on MEA with mycelium immersed in medium with no sporulation on the medium surface; surface and reverse white to pale luteous after 7 d. Etymology: Name refers to a plantation and the environment from which this fungus was collected.
Ascomata perithecial, solitary, orange, becoming orange-brown with age; in section, apex and body orange, base red-brown, subglobose to ovoid, 357-444 μm high, 276-391 μm diam, body turning dark orange to red, and base dark red-brown in 3 % KOH+; ascomatal wall rough, consisting of two thickwalled layers; outer layer of textura globulosa, 37-66 μm thick, cells becoming more compressed towards the inner layer of textura angularis, 18-20 μm thick, cells becoming thinwalled and hyaline towards the centre; outermost cells 34-71 × 34-55 μm, cells of inner layer 23-32 × 6-9 μm; ascomatal base up to 137 μm wide, consisting of dark red, angular cells, merging with an erumpent stroma; cells of the outer wall layer continuous with the pseudoparenchymatous cells of the erumpent stroma. Asci 8-spored, clavate, 97-119 × 16-19 μm, tapering into a long thin stalk. Ascospores aggregated in the upper third of the ascus, hyaline, guttulate, fusoid with rounded ends, straight to slightly curved, 1-septate, constricted at the septum, (30-) 35-41(-43) × 5-7(-8) μm (av. 38 × 7 μm). Homothallic. Macroconidiophores consist of a stipe bearing a penicillate arrangement of fertile branches, and a stipe extension terminating in a vesicle; stipe septate, hyaline, smooth, 40-133 × 6-10 μm; stipe extension septate, straight to flexuous, 134-196 μm long, 3-6 μm wide at the apical septum, terminating in a sphaeropedunculate vesicle, 7 -13 μm diam; lateral stipe extensions (90°to main axis) abundant. Conidiogenous apparatus 58-151 μm wide, and 54-108 μm long; primary branches aseptate, 18-42 × 5-8 μm; secondary branches aseptate, 10-27 × 4-7 μm; tertiary branches aseptate, 9-18 × 3-6 μm; quaternary branches and additional branches (-5) aseptate, 10-20 × 3-6 μm, each terminal branch producing 2-6 phialides; phialides doliiform to reniform, hyaline, aseptate, 9-15 × 2-4 μm, apex with minute periclinal thickening and inconspicuous collarette. Macroconidia cylindrical, rounded at both ends, straight, (41-) 42-48(-52) × 4-6 μm (av. 45 × 5 μm), 1-septate, lacking a visible abscission scar, held in parallel cylindrical clusters by colourless slime. Mega-and microconidia not observed.
Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white to pale luteous aerial mycelium with profuse sporulation on the medium surface; reverse sienna to umber after 7 d; chlamydospores extensive throughout the medium forming microsclerotia. Note: Calonectria arbusta produces a larger conidiogenous apparatus than C. kyotensis and the ascospores and macroconidia of C. arbusta are also larger than those of C. kyotensis (Table 2) . Etymology: Name refers to Guangxi Province, the "Western Expanse", where this fungus was first collected.
Ascomata perithecial, solitary, orange, becoming orange-brown with age; in section, apex and body orange, base red-brown, subglobose to ovoid, 310-520 μm high, 270-435 μm diam, body turning dark orange to red, and base dark red-brown in 3 % KOH+; ascomatal wall rough, consisting of two thick-walled layers; outer layer of textura globulosa, 37-64 μm thick, cells becoming more compressed towards the inner layer of textura angularis, 13-25 μm thick, cells becoming thin-walled and hyaline towards the centre; outermost cells 13-31 × 9-20 μm, cells of inner layer 9-18 × 3-5 μm; ascomatal base up to 150 μm wide, consisting of dark red, angular cells, merging with an erumpent stroma; cells of the outer wall layer continuous with the pseudoparenchymatous cells of the erumpent stroma. Asci 8-spored, clavate, 107-146 × 16-21 μm, tapering into a long thin stalk. Ascospores aggregated in the upper third of the ascus, hyaline, guttulate, fusoid with rounded ends, straight to slightly curved, 1-septate, sometimes constricted at the septum, (33-)36-41(-44) × (4-)5-7 μm (av. 39 × 6 μm). Homothallic. Macroconidiophores consist of a stipe bearing a penicillate arrangement of fertile branches, and a stipe extension terminating in a vesicle; stipe septate, hyaline, smooth, 61-169 × 5-10 μm; stipe extension septate, straight to flexuous, 124-216 μm long, 3-7 μm wide at the apical septum, terminating in a sphaeropedunculate vesicle, 8-16 μm diam; lateral stipe extensions (90°to main axis) abundant. Conidiogenous apparatus 26-116 μm wide, and 45-82 μm long; primary branches aseptate, 18-29 × 5-7 μm; secondary branches aseptate, 12-22 × 4-7 μm; tertiary branches aseptate, 9-16 × 3-6 μm; quaternary branches and additional branches (-5) aseptate, 12-18 × 3-5 μm, each terminal branch producing 2-6 phialides; phialides doliiform to reniform, hyaline, aseptate, 10-18 × 3-5 μm, apex with minute periclinal thickening and inconspicuous collarette. Macroconidia cylindrical, rounded at both ends, straight, (44-)48-52(-57) × 4-6 μm (av. 52 × 5 μm), 1-septate, lacking a visible abscission scar, held in parallel cylindrical clusters by colourless slime. Mega-and microconidia not observed.
Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white aerial mycelium with profuse sporulation on the medium surface; reverse sienna to umber after 7 d; chlamydospores extensive throughout the medium forming microsclerotia. Note: Calonectria expansa can be distinguished from C. arbusta and C. kyotensis by its larger macroconidia and longer stipe extension (Table 2) .
Calonectria foliicola L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809047. Fig. 6 .
Etymology: Name refers to the natural habitat of this species, being a foliar pathogen.
Ascomata not observed. Macroconidiophores consist of a stipe bearing a penicillate arrangement of fertile branches, and a stipe extension terminating in a vesicle; stipe septate, hyaline, smooth, 47-190 × 6-12 μm; stipe extension septate, straight to flexuous, 140-215 μm long, 4-6 μm wide at the apical septum, CALONECTRIA SPP. FROM EUCALYPTUS IN SOUTH CHINA www.studiesinmycology.org terminating in a obpyrifrom to ellipsoidal vesicle, 6-13 μm diam. Conidiogenous apparatus 76-180 μm wide, and 59-130 μm long; primary branches aseptate, 17-37 × 5-8 μm; secondary branches aseptate, 16-30 × 4-7 μm; tertiary branches aseptate, 11-23 × 4-6 μm; quaternary and additional branches (-7) aseptate, 9-20 × 3-6 μm, each terminal branch producing 2-6 phialides; phialides doliiform to reniform, hyaline, aseptate, 8-13 × 3-5 μm, apex with minute periclinal thickening and inconspicuous collarette. Macroconidia cylindrical, rounded at both ends, straight, (41-)44-50(-52) × (3-)4-5(-6) μm (av. 47 × 5 μm), 1-septate, lacking a visible abscission scar, held in parallel cylindrical clusters by colourless slime. Mega-and microconidia not observed.
Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white aerial mycelium and sporulating moderately on the medium surface; reverse sienna to umber after 7 d; chlamydospores formed abundantly throughout the medium, forming microsclerotia. Notes: Calonectria foliicola is closely related to C. brasiliensis and C. sulawesiensis and can be distinguished from these species by the formation of up to seven levels of conidiophore branches. The macroconidia of C. foliicola are larger than those of C. brasiliensis but slightly smaller than those of C. sulawesiensis (Table 2) .
Calonectria guangxiensis L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809049. Fig. 7 .
Etymology: Name refers to the Guangxi Province of China where the fungus was first collected.
Ascomata perithecial, solitary or in groups of two, orange, becoming orange-brown with age; in section, apex and body orange, base red-brown, subglobose to ovoid, 295-435 μm high, 265-355 μm diam, body turning dark orange to red, and base dark red-brown in 3 % KOH+; ascomatal wall rough, consisting of two thick-walled layers; outer layer of textura globulosa, 32-80 μm thick, cells becoming more compressed towards the inner layer of textura angularis, 14-22 μm thick, cells becoming thin-walled and hyaline towards the centre; outermost cells 13-26 × 10-15 μm, cells of inner layer 11-15 × 4-5 μm; ascomatal base up to 175 μm wide, consisting of dark red, angular cells, merging with an erumpent stroma; cells of the outer wall layer continuous with the pseudoparenchymatous cells of the erumpent stroma. Asci 8-spored, clavate, 83-146 × 15-23 μm, tapering into a long thin stalk. Ascospores aggregated in the upper third of the ascus, hyaline, guttulate, fusoid with rounded ends, straight to slightly Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white to cream-coloured aerial mycelium and sporulating profusely on the medium surface at the edge of the colony; reverse sienna to umber after 7 d; chlamydospores formed abundantly throughout the medium, forming microsclerotia. Notes: Calonectria guangxiensis can be distinguished from other species in the C. kyotensis complex by having fewer conidiophore branches and rarely forming lateral stipe extensions. The macroconidia of C. guangxiensis are slightly smaller than those of C. expansa and C. kyotensis and slightly larger than those of C. arbusta (Table 2) .
Calonectria hainanensis L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809050. Fig. 8 .
Etymology: Name refers to the Hainan Province of China where the fungus was first collected.
Ascomata perithecial, solitary, orange, becoming orange-brown with age; in section, apex and body orange, base red-brown, subglobose to ovoid, 300-455 μm high, 230-385 μm diam, body turning dark orange to red, and base dark red-brown in 3 % KOH+; ascomatal wall rough, consisting of two thick-walled layers; outer layer of textura globulosa, 30-64 μm thick, cells becoming more compressed towards the inner layer of textura angularis, 10-16 μm thick, cells becoming thin-walled and hyaline towards the centre; outermost cells 16-42 × 13-42 μm, cells of inner layer 23-39 × 8-10 μm; ascomatal base up to 262 μm wide, consisting of dark red, angular cells, merging with an erumpent stroma; cells of the outer wall layer continuous with the pseudoparenchymatous cells of the erumpent stroma. Asci 8-spored, clavate, 91-110 × 15-22 μm, tapering into a long thin stalk. Ascospores aggregated in the upper third of the ascus, hyaline, guttulate, fusoid with rounded ends, straight to slightly curved, 1-septate, sometimes constricted at the septum, (24-)30-38(-42) × (4-) 5-7 μm (av. 34 × 6 μm). Homothallic. Macroconidiophores Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white to pale luteous aerial mycelium and sporulating profusely on the medium surface; reverse sienna to umber after 7 d; chlamydospores formed abundantly throughout the medium, forming microsclerotia. Notes: Based on morphological characteristics, C. hainanensis closely resembles C. malesiana. However, C. hainanensis readily produces fertile ascomata in culture, a feature not observed for C. malesiana (Crous et al. 2004b) . Furthermore, C. hainanensis has fewer conidiophore branches than reported for C. malesiana, and the macroconidia of C. hainanensis are slightly smaller than those of C. malesiana (Table 2) .
Calonectria lateralis L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809051. Fig. 9 .
Etymology: Name refers to the lateral stipe extensions on its macroconidiophores.
Ascomata not observed. Macroconidiophores consisting of a stipe bearing a penicillate arrangement of fertile branches, and a stipe extension terminating in a vesicle; stipe septate, hyaline, smooth, 55-185 × 4-8 μm; stipe extension septate, straight to flexuous, 150-225 μm long, 4-6 μm wide at the apical septum, terminating in a sphaeropedunculate vesicle, 9-13 μm diam; lateral stipe extensions (90°to main axis) abundant. Conidiogenous apparatus 43-138 μm wide, and 41-104 μm long; primary branches aseptate, 17-28 × 4-7 μm; secondary branches aseptate, 11-26 × 3-7 μm; tertiary branches aseptate, 8-20 × 3-6 μm; quaternary and additional branches (-6) aseptate, 8-17 × 3-5 μm, each terminal branch producing 2-6 phialides; phialides doliiform to reniform, hyaline, aseptate, 7-13 × 2-4 μm, apex with minute periclinal thickening and inconspicuous collarette. Macroconidia cylindrical, rounded at both ends, straight, (35-)37-41(-44) × 4-5 μm (av. 39 × 4 μm), 1-septate, lacking a visible abscission scar, held in parallel cylindrical clusters by colourless slime. Mega-and microconidia not observed.
Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white to sienna aerial mycelium with profuse Notes: Calonectria lateralis is closely related to C. hongkongensis and can be distinguished by having smaller macroconidia as compared to C. hongkongensis, and the stipe extensions of C. lateralis being longer than those of C. hongkongensis (Table 2) .
Calonectria magnispora L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809052. Fig. 10 .
Etymology: Name reflects the characteristically large ascospores produced by this fungus.
Ascomata perithecial, solitary, orange, becoming orange-brown with age; in section, apex and body orange, base red-brown, subglobose to ovoid, 390-495 μm high, 315-410 μm diam, body turning dark orange to red, and base dark red-brown in 3 % KOH+; ascomatal wall rough, consisting of two thick-walled layers; outer layer of textura globulosa, 53-91 μm thick, cells becoming more compressed towards the inner layer of textura angularis, 16-20 μm thick, cells becoming thin-walled and hyaline towards the centre; outermost cells 16-28 × 10-18 Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white aerial mycelium and sporulating profusely on the medium surface; reverse sienna to umber after 7 d; chlamydospores formed abundant throughout the medium, forming microsclerotia. Notes: Calonectria magnispora can be distinguished from C. arbusta, C. expansa, C. guangxiensis, C. hainanensis and C. kyotensis by having larger ascospores and macroconidia. The stipe extensions of C. magnispora are also longer than observed in these species (Table 2) .
Calonectria microconidialis L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809053. Fig. 11 .
Etymology: Name refers to the microconidial state that is readily produced by this species.
Ascomata not observed. Macroconidiophores consisting of a stipe bearing a penicillate arrangement of fertile branches, and a stipe extension terminating in a vesicle; stipe septate, hyaline, smooth, 59-195 × 7-11 μm; stipe extension septate, straight to flexuous, 175-441 μm long, 4-7 μm wide at the apical septum, terminating in a narrowly clavate vesicle, 3-7 μm diam. Conidiogenous apparatus 26-92 μm wide, and 35-95 μm long; primary branches aseptate or 1-septate, 23-34 × 5-7 μm; secondary branches aseptate, 16-28 × 3-6 μm; tertiary branches aseptate, 14-24 × 3-6 μm, each terminal branch producing 1-3 phialides; phialides cylindrical to allantoid, hyaline, aseptate, 12-25 × 3-5 μm, apex with minute periclinal thickening and inconspicuous collarette. Macroconidia cylindrical, rounded at both ends, straight, (69-) 78-98(-113) × 7-9(-10) μm (av. 88 × 8 μm), 4-6(7)-septate, lacking a visible abscission scar, held in parallel cylindrical clusters by colourless slime. Microconidiophores simple with some lateral branching, comprising a stipe and a penicillate or subverticillate arrangement of fertile branches. Stipe septate, hyaline, smooth, 53-86 × 7-8 μm; primary branches aseptate, straight, 19-26 × 4-5 μm, terminating in 1-3 phialides that are cylindrical to allantoid, 12-27 × 4-5 μm; apex with minute periclinal thickening and collarette. Microconidia cylindrical, straight, rounded at the apex, flattened at the base, (23-) 31-47(-58) × 4-6(-7) μm (av. 39 × 5 μm), 1-3-septate, held in fascicles by colourless slime. Megaconidia not observed.
Culture characteristics: Colonies slow growing at 24°C on MEA with mycelia immersed in the media, sporulating profusely on the medium surface, forming white to amber colonies with irregular margins; reverse sienna to umber after 7 d. Chlamydospores not observed. Notes: Calonectria microconidialis resides in the C. reteaudii complex , Crous et al. 2012 . The ability of C. microconidialis to produce microconidiophores and microconidia in culture distinguishes it from C. pentaseptata, C. queenslandica and C. terrae-reginae , Crous et al. 2012 . The micro-and macroconidia of C. microconidialis are slightly larger than those of C. reteaudii but slightly smaller than those of C. pseudoreteaudii (Table 2) .
Calonectria papillata L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809054. Fig. 12 .
Etymology: Name refers to the papillate apices of the stipe vesicles.
Ascomata perithecial, solitary, orange, becoming orange-brown with age; in section, apex and body orange, base red-brown, subglobose to ovoid, 425-455 μm high, 345-395 μm diam, body turning dark orange to red, and base dark red-brown in 3 % KOH+; ascomatal wall rough, consisting of two thick-walled layers; outer layer of textura globulosa, 49-57 μm thick, cells becoming more compressed towards the inner layer of textura angularis, 21-22 μm thick, cells becoming thin-walled and hyaline towards the centre; outermost cells 25-52 × 21-38 μm, cells of inner layer 11-21 × 5-9 μm; ascomatal base up to 200 μm wide, consisting of dark red, angular cells, merging with an erumpent stroma; cells of the outer wall layer continuous with the pseudoparenchymatous cells of the erumpent stroma. Asci 8-spored, clavate, 106-112 × 16-20 μm, tapering into a long thin stalk. Ascospores aggregated in the upper third of the ascus, hyaline, guttulate, fusoid with rounded ends, straight to slightly
www.studiesinmycology.org Etymology: Name refers to fact that this species has an asexual morph that is very similar to that of C. kyotensis.
Ascomata not observed. Macroconidiophores consisting of a stipe bearing a penicillate arrangement of fertile branches, and a stipe extension terminating in a vesicle; stipe septate, hyaline, smooth, 42-125 × 5-9 μm; stipe extension septate, straight to flexuous, 135-210 μm long, 4-6 μm wide at the apical septum, terminating in a sphaeropedunculate vesicle, 10-14 μm diam; lateral stipe extensions (90°to main axis) rare. Conidiogenous apparatus 49-98 μm wide, and 41-84 μm long; primary branches aseptate, 15-34 × 5-8 μm; secondary branches aseptate, 10-17 × 4-7 μm; tertiary branches aseptate, 9-17 × 3-6 μm; quaternary branches aseptate, 11-18 × 4-6 μm, each terminal branch producing 2-6 phialides; phialides doliiform to reniform, hyaline, aseptate, 10-18 × 2-6 μm, apex with minute periclinal thickening and inconspicuous collarette. Macroconidia cylindrical, rounded at both ends, straight, (39-)42-46(-49) × 4-5(-6) μm (av. 44 × 5 μm), 1-septate, lacking a visible abscission scar, held in parallel cylindrical clusters by colourless slime. Mega-and microconidia not observed.
Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white aerial mycelium with profuse sporulation on the medium surface; reverse sienna to cinnamon after 7 d; chlamydospores extensive throughout the medium forming microsclerotia. Etymology: Name refers to the numerous conidiophore branches formed by this species.
Ascomata not observed. Macroconidiophores consisting of a stipe bearing a penicillate arrangement of fertile branches, and a stipe extension terminating in a vesicle; stipe septate, hyaline, smooth, 47-185 × 6-12 μm; stipe extension septate, straight to flexuous, 140-215 μm long, 4-6 μm wide at the apical septum, terminating in a sphaeropedunculate vesicle, 6-13 μm diam; lateral stipe extensions (90°to main axis) rare. Conidiogenous apparatus 76-177 μm wide, and 59-127 μm long; primary branches aseptate or 1-septate, 17-37 × 5-8 μm; secondary branches aseptate, 16-30 × 4-7 μm; tertiary branches aseptate, 11-23 × 4-6 μm; quaternary branches and additional branches (-7) aseptate, 9-20 × 3-6 μm, each terminal branch producing 2-6 phialides; phialides doliiform to reniform, hyaline, aseptate, 8-13 × 3-5 μm, apex with minute periclinal thickening and inconspicuous collarette. Macroconidia cylindrical, rounded at both ends, straight, (41-) 44-50(-52) × (3-)4-5(-6) μm (av. 47 × 5 μm), 1-septate, lacking a visible abscission scar, held in parallel cylindrical clusters by colourless slime. Mega-and microconidia not observed.
Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white to sienna aerial mycelium with profuse sporulation on the medium surface; reverse sienna to umber after 7 d; chlamydospores extensive throughout the medium forming microsclerotia. Notes: Calonectria pluriramosa is closely related to C. kyotensis and C. pseudokyotensis but can be distinguished by having a greater number of conidiophore branches. The macroconidia of C. pluriramosa are larger than those of C. kyotensis (Table 2) . Unlike the latter two species, C. pluriramosa also failed to produce viable ascomata in culture.
Calonectria pseudokyotensis L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809057. Fig. 15 .
Etymology: Name refers to the morphological similarity to the asexual morph of C. kyotensis. Ascomata not observed. Macroconidiophores consisting of a stipe bearing a penicillate arrangement of fertile branches, and a stipe extension terminating in a vesicle; stipe septate, hyaline, smooth, 85-205 × 6-10 μm; stipe extension septate, straight to flexuous, 145-320 μm long, 5-7 μm wide at the apical septum, terminating in a pyriform to sphaeropedunculate vesicle, 10-13 μm diam; lateral stipe extensions (90°to main axis) moderate. Conidiogenous apparatus 42-103 μm wide, and 76-109 μm long; primary branches aseptate or 1-septate, 24-40 × 5-8 μm; secondary branches aseptate, 14-32 × 5-7 μm; tertiary branches aseptate, 13-25 × 4-6 μm; quaternary branches aseptate, 14-24 × 4-6 μm, each terminal branch producing 2-6 phialides; phialides elongate doliiform to doliiform or reniform, hyaline, aseptate, 10-20 × 3-5 μm, apex with minute periclinal thickening and inconspicuous collarette. Macroconidia cylindrical, rounded at both ends, straight, (43-) 45-51(-53) × 5-7 μm (av. 48 × 6 μm), 1-septate, lacking a visible abscission scar, held in parallel cylindrical clusters by colourless slime. Mega-and microconidia not observed.
Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white aerial mycelium with profuse sporulation on the medium surface; reverse sienna to umber after 7 d; chlamydospores extensive throughout the medium forming microsclerotia. Notes: Calonectria pseudokyotensis has fewer fertile branches than C. kyotensis. Furthermore, the stipe extensions of C. pseudokyotensis are longer than those of C. kyotensis, terminating in pyriform to sphaeropedunculate vesicles, not observed in C. kyotensis (Table 2) .
Calonectria seminaria L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809058. Fig. 16 .
Etymology: Name refers the fact that this species was collected in a nursery.
Ascomata not observed. Macroconidiophores consisting of a stipe bearing a penicillate arrangement of fertile branches, and a stipe CALONECTRIA SPP. FROM EUCALYPTUS IN SOUTH CHINA www.studiesinmycology.org extension terminating in a vesicle; stipe septate, hyaline, smooth, 39-101 × 6-10 μm; stipe extension septate, straight to flexuous, 105-185 μm long, 4-7 μm wide at the apical septum, terminating in an obpyrifrom to ellipsoid vesicle, 6-11 μm diam. Conidiogenous apparatus 31-155 μm wide, and 36-72 μm long; primary branches aseptate or 1-septate, 13-27 × 3-6 μm; secondary branches aseptate, 8-19 × 2-5 μm; tertiary branches aseptate, 10-20 × 2-6 μm, each terminal branch producing 2-6 phialides; phialides doliiform to reniform, hyaline, aseptate, 7-14 × 2-4 μm, apex with minute periclinal thickening and inconspicuous collarette. Macroconidia cylindrical, rounded at both ends, straight, (42-) 45-49(-52) × 3.5-4.5(-7) μm (av. 47 × 5 μm), 1-septate, lacking a visible abscission scar, held in parallel cylindrical clusters by colourless slime. Mega-and microconidia not observed.
Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white aerial mycelium and sporulating profusely on the medium surface; reverse amber to sepia-brown after 7 d; chlamydospores formed extensively in the media, forming microsclerotia. Notes: Calonectria seminaria belongs to the C. candelabra species complex , Lombard et al. 2010a see Lombard et al. 2015) , closely related to C. pauciramosa and C. polizzii. The macroconidia of C. seminaria are slightly smaller than those of C. pauciramosa, and larger than those of C. polizzii (Table 2) .
Calonectria sphaeropedunculata L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809059. Fig. 17 .
Etymology: Name refers to the sphaeropedunculate vesicles produced by this species.
Ascomata perithecial, solitary or in groups of two, orange, becoming orange-brown with age; in section, apex and body orange, base red-brown, subglobose to ovoid, 470-575 μm high, 345-465 μm diam, body turning dark orange to red, and base dark red-brown in 3 % KOH+; ascomatal wall rough, consisting of two thick-walled layers; outer layer of textura globulosa, 40-80 μm thick, cells becoming more compressed towards the inner layer of textura angularis, 14-21 μm thick, cells becoming thin-walled and hyaline towards the centre; outermost cells 22-36 × 14-22 μm, cells of inner layer 13-32 × 6-8 μm; ascomatal base up to 216 μm wide, consisting of dark red, angular cells, merging with an erumpent stroma; cells of the outer wall layer continuous with the pseudoparenchymatous cells of the erumpent stroma. Asci 8-spored, clavate, 82-144 × 11-23 μm, tapering into a long thin stalk. Ascospores aggregated in the upper third of the ascus, hyaline, guttulate, fusoid with rounded ends, straight to slightly curved, 1-septate, not constricted at the septum, (31-) 33-40(-42) × 5-7(-8) μm (av. 37 × 6 μm). Homothallic. Macroconidiophores consisting of a stipe bearing a penicillate arrangement of fertile branches, and a stipe extension terminating in a vesicle; stipe septate, hyaline, smooth, 62-183 × 7-12 μm; stipe extension septate, straight to flexuous, 152-253 μm long, 4-8 μm wide at the apical septum, terminating in a sphaeropedunculate vesicle, 10-14 μm diam; lateral stipe extensions (90°to main axis) formed moderately. Conidiogenous apparatus 63-144 μm wide, and 40-111 μm long; primary branches aseptate or 1-septate, 18-36 × 4-10 μm; secondary branches aseptate, 11-29 × 5-9 μm; tertiary branches aseptate, 14-23 × 5-8 μm; quaternary and additional branches (-6) aseptate, 9-19 × 4-7 μm, each terminal branch producing 2-6 phialides; phialides doliiform to reniform, hyaline, aseptate, 9-17 × 3-5 μm, apex with minute periclinal thickening and inconspicuous collarette. Macroconidia cylindrical, rounded at both ends, straight, (40-) 43-47(-49) × 4-6 μm (av. 46 × 5 μm), 1-septate, lacking a visible abscission scar, held in parallel cylindrical clusters by colourless slime. Mega-and microconidia not observed.
Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white to cinnamon aerial mycelium with profuse sporulation on the medium surface; reverse sienna to umber after 7 d; chlamydospores extensive throughout the medium forming microsclerotia. Notes: Calonectria sphaeropedunculata produces longer stipe extensions than those of C. kyotensis and C. pluriramosa, but shorter extensions than those of C. pseudokyotensis. The macroconidia of C. sphaeropedunculata are also smaller than those of C. kyotensis, C. pluriramosa and C. pseudokyotensis (Table 2) .
Calonectria terrestris L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809060. Fig. 18 .
Etymology: Name refers to the fact that this fungus was isolated from soil.
Ascomata not observed. Macroconidiophores consisting of a stipe bearing a penicillate arrangement of fertile branches, and a stipe extension terminating in a vesicle; stipe septate, hyaline, smooth, 35-185 × 6-10 μm; stipe extension septate, straight to flexuous, 147-228 μm long, 4-7 μm wide at the apical septum, terminating in an obpyrifrom to pyriform to broadly clavate vesicle, 5-12 μm diam. Conidiogenous apparatus 35-89 μm wide, and 35-102 μm long; primary branches aseptate, 21-35 × 5-8 μm; secondary branches aseptate, 15-27 × 4-7 μm; tertiary branches aseptate, 10-18 × 4-6 μm; quaternary branches aseptate, 9-14 × 3-6 μm, each terminal branch producing 2-4 phialides; phialides doliiform to reniform, hyaline, aseptate, 8-12 × 3-5 μm, apex with minute periclinal thickening and inconspicuous collarette. Macroconidia cylindrical, rounded at both ends, straight, (33-)36-40(-41) × (3-) 4-5 μm (av. 38.5 × 4.5 μm), 1-septate, lacking a visible abscission scar, held in parallel cylindrical clusters by colourless slime. Mega-and microconidia not observed.
Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white to pale luteous aerial mycelium and sporulating profusely on the medium surface; reverse sienna to umber after 7 d; chlamydospores formed abundant throughout the medium, forming microsclerotia. Notes: Calonectria terrestris can be distinguished from C. cerciana and C. papillata by its obpyrifrom to pyriform to broadly clavate vesicles rather than the fusiform to obpyriform vesicles of C. cerciana, and obpyriform to ellipsoidal vesicles with papillate apex of C. papillata. The macroconidia of C. terrestris are also slightly smaller than those of C. cerciana and C. papillata (Table 2) .
Calonectria tetraramosa L. Lombard, Crous & S.F. Chen, sp. nov. MycoBank MB809061. Fig. 19 .
Etymology: Name refers to the four levels of fertile branches produced by this species.
Ascomata not observed. Macroconidiophores consisting of a stipe bearing a penicillate arrangement of fertile branches, and a stipe extension terminating in a vesicle; stipe septate, hyaline, smooth, 47-109 × 6-9 μm; stipe extension septate, straight to flexuous, 102-253 μm long, 3-6 μm wide at the apical septum, terminating in a obpyrifrom vesicle, 4-10 μm diam. Conidiogenous apparatus 54-95 μm wide, and 36-75 μm long; primary branches aseptate, 15-29 × 4-7 μm; secondary branches aseptate, 10-20 × 3-6 μm; tertiary branches aseptate, 9-15 × 3-6 μm; quaternary branches aseptate, 10-13 × 3-4 μm, each terminal branch producing 2-6 phialides; phialides elongate doliiform to reniform, hyaline, aseptate, Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white aerial mycelium and sporulating profusely on the medium surface; reverse amber to sepia-brown after 7 d; chlamydospores formed extensively in the media, forming microsclerotia. Notes: Calonectria tetraramosa is closely related to C. pauciramosa, C. polizzii and C. seminaria in the C. candelabra complex , Lombard et al. 2010a . It can be distinguished from these three species by quaternary branches in the conidiogenous apparatus, which are not found in the other species. Furthermore, the macroconidia of C. tetraramosa are slightly smaller than those of C. pauciramosa, larger than those of C. polizzii, but similar to those of C. seminaria. The stipe extensions of C. tetraramosa are also longer than those of C. pauciramosa, C. polizzii and C. seminaria (Table 2) Etymology: Name refers to the Chinese word for soil (T ur ang), the substrate from which this fungus was first isolated.
Ascomata not observed. Macroconidiophores consisting of a stipe bearing a penicillate arrangement of fertile branches, and a stipe extension terminating in a vesicle; stipe septate, hyaline, smooth, 45-122 × 6-9 μm; stipe extension septate, straight to flexuous, 133-195 μm long, 4-6 μm wide at the apical septum, terminating in a sphaeropedunculate vesicle, 8-12 μm diam; lateral stipe extensions (90°to main axis) abundant. Conidiogenous apparatus 48-110 μm wide, and 35-86 μm long; primary branches aseptate, 16 -30 × 4-7 μm; secondary branches aseptate, 10 -18 × 3-6 μm; tertiary branches aseptate, 9-17 × 3-5 μm; quaternary and additional branches (-5) aseptate, 10 -16 × 3-5 μm, each terminal branch producing 2 -6 phialides; phialides doliiform to reniform, hyaline, aseptate, 8 -16 × 3-7 μm, apex with minute periclinal thickening and inconspicuous collarette. Macroconidia cylindrical, rounded at both ends, straight, (40-)42-46(-47) × 3-5 μm (av. 44 × 4 μm), 1-septate, lacking a visible abscission scar, held in parallel cylindrical clusters by colourless slime. Mega-and microconidia not observed.
Culture characteristics: Colonies fast growing at 24°C on MEA, producing abundant white to sienna aerial mycelium with profuse sporulation on the medium surface; reverse sienna to umber after 7 d; chlamydospores extensive throughout the medium forming microsclerotia. Note: The macroconidia of C. turangicola are slightly smaller than those of C. hongkongensis but larger than those of C. lateralis (Table 2) .
DISCUSSION
A surprisingly large number of Calonectria species were collected from soils and Eucalyptus tissue in a relatively small area of southern China. Phylogenetic inference was used to define the species boundaries but these were in most cases also well-supported by morphological features. The 18 new species described in this study add to the eleven species previously recognised in the Southern provinces of China (Crous et al. 2004b , Lombard et al. 2010d , Chen et al. 2011d , Xu et al. 2012 .
Most of the isolates obtained from Eucalyptus leaves displaying symptoms of CLB were identified as C. pentaseptata, which was recently described in the C. reteaudii complex from Vietnam (Crous et al. 2012) , making this the first report of the fungus from China. Calonectria pentaseptata was collected in all three provinces sampled, including the sampled nursery surveyed, with a single isolate obtained from soil collected in Hainan Province. The collection data suggest that this fungus could be amongst the more important Eucalyptus leaf and shoot pathogens but this hypothesis will need testing experimentally.
Calonectria microconidialis, which was collected from Eucalyptus leaves in the nursery, resides in the C. reteaudii species complex, which now includes six species . The only other species in this complex known from China is C. pseudoreteaudii , Chen et al. 2011d . Calonectria microconidialis produces microconidiophores in culture, a characteristic shared with C. reteaudii and C. pseudoreteaudii, but distinguishing it from C. pentaseptata, C. queenslandica and C. terrae-reginae , Crous et al. 2012 . Species of the C. reteaudii complex are well-known causal agents of CLB in Australia, South America and Southeast Asia (Pitkethley 1976 , Bolland et al. 1985 , Sharma & Mohanan 1991 , 1992 , Booth et al. 2000 , Kang et al. 2001a , Rodas et al. 2005 , Lombard et al. 2010d , but the pathogenicity of C. microconidialis and C. pentaseptata will need to be tested experimentally.
Calonectria seminaria and C. tetraramosa were found together with C. microconidialis in the nursery sampled in this study. These species represent new members of the conidiophores and conidia. However, sibling species such as C. arbusta and C. expansa formed both morphs in cultures derived from single conidia, and were thus homothallic. Calonectria parakyotensis, also a sibling species of C. aconidialis, failed to produce a sexual morph during this study. Different mating systems in species within related groups of Calonectria spp. are well-known and have been reported for members of the C. candelabra ) and C. kyotensis complexes (Crous et al. 2004b) . Calonectria aconidialis was found only in samples from the Hainan Province, and C. arbusta only in Guangxi, whereas both C. expansa and C. parakyotensis were found in soils collected in Guangdong and Guangxi provinces. Whether these species are restricted geographically would be interesting but more intensive and structured sampling would be needed to resolve this question.
Calonectria pseudokyotensis, C. pluriramosa and C. sphaeropedunculata are closely related to C. kyotensis and are easily distinguished from each other and C. kyotensis based on morphological features and phylogenetic inference. All of these novel species were isolated from soils collected in the Guangxi Province. Only C. sphaeropedunculata displayed a homothallic mating system, a feature shared with C. kyotensis , Crous et al. 2004b ), whereas C. pseudokyotensis and C. pluriramosa did not produce any sexual morphs in culture during this study.
The large ascospores and macroconidia of C. magnispora distinguish this novel species from the other members of the C. kyotensis complex. This species, along with C. guangxiensis, was isolated from soils collected in the Guangxi Province. Together with C. hainanensis, isolated from soil collected in the Hainan Province, these novel species readily formed their sexual morphs in culture, and are homothallic. Several isolates were also identified as C. chinensis based on phylogenetic inference and morphological features. This species, known only from China (Crous et al. 2004b) , belongs to the C. kyotensis complex, and nothing is known regarding its ability to infect plants.
The greatest diversity of species found in this study came from baiting of soils collected in the Guangxi Province, followed by the Guangdong and Hainan Provinces. Of the 29 Calonectria species now known from China, 16 belong to the SphaeroNaviculate Group, and 13 to the Prolate Group as defined by Lombard et al. (2010b) . Ten species in the former group have a homothallic mating system and the remaining six species are more likely to be heterothallic because single conidial isolates mated in culture did not produce ascomata. Interestingly, all homothallic species originated exclusively from a soil habitat, while those thought to be heterothallic were from both soil and plant material. It is possible that homothallism in these Calonectria species represents an adaptation to the soil environment where only short-distance spread is required, as ascospores are extremely susceptible to desiccation (Rowe & Beute 1975) . The majority of the putative heterothallic Calonectria species in this study were isolated from leaves of different Eucalyptus clones displaying CLB symptoms. Since heterothallism results in sexual outcrossing and the generation of genetic diversity (Billiard et al. 2012 , Heitman et al. 2013 , such a mating system would be beneficial to fungi that infect plants where sexual outcrossing would facilitate the process of overcoming host resistance.
To better understand the genetic variation within these homothallic and putative heterothallic Calonectria species more knowledge of the population structure of these species is required. Relatively few studies have focused on the population dynamics of Calonectria species (Wright et al. 2006 (Wright et al. , 2007 (Wright et al. , 2010 , and therefore limited knowledge is available on the population structure, distribution of genetic diversity, gene flow, centres of origin and the role of mating strategies for these fungi. Population studies on these fungi, especially those associated with CLB in China would better facilitate our understanding of the epidemiology, and in turn, the management of CLB in Eucalyptus plantations in China. These studies would also allow the prediction of efficacy of host plant resistance to these fungi, necessary for the establishment of future commercial plantations in China.
Although several Calonectria species were isolated from Eucalyptus leaves displaying symptoms of CLB in this study, relatively little is known about their pathogenicity, and their roles as potential pathogens can only be assumed based on the symptoms they are associated with. Therefore, pathogenicity tests need to be done experimentally to determine whether these species are pathogenic to Eucalyptus and if they are host specific. These studies would help identify which Calonectria species are important to commercial Eucalyptus forestry in China. The high diversity of Calonectria species in a relatively small area of southern China, and especially in virgin soils, implies that more Calonectria species remain to be discovered as sampling is extended to more provinces in China, which would also have to be tested as possible threats to Eucalyptus production in China.
